Abstract. In this work, an experimental investigation for selective absorption of H 2 S from gas mixtures into aqueous solutions of new sterically hindered amine for natural gas purification at atmospheric pressure was performed. The new sterically hindered amine with two tertiary butyl alkyls respectively attaches to two N atoms was called DTBP synthesized and characterized by IR and 1HNMR. The effect of concentration and temperature of solutions on absorption performance were investigated by means of the selectivity factor and sour gas load. The performance of simultaneous absorption of CO 2 and H 2 S in to the aqueous solution of DTBP is compared with that of the aqueous solutions of MDEA and AMP. The aqueous solution of DTBP has been found to be an efficient solvent for selective H 2 S removal. The experimental results also testified the advantages of severe sterically hindered amines (e.g., DTBP and AMP) over traditional amines in selective H 2 S absorption. This work provides the results for sterically hindered amine to be extensively applied in the field of selective H 2 S removal.
Introduction
Natural gas purification is a very important part in the natural gas industry. The removal of H 2 S and CO 2 from industrial gas streams is a significant operation in natural gas processing, hydrogen purifying, refinery off-gas treating and synthesis gas for ammonia and methanol manufacturing. The exploited natural gas composition is very complicated, and most of which contain hydrogen sulfide and carbon dioxide.
At present, one of the methods that the natural gas commonly used for purification is alcohol amine method. Methyldiethanolamine (MDEA) has been widely used in production for its selectivity of H 2 S, good desulfurated efficiency and not easy foaming [1] . However, the content of H 2 S and CO 2 are low in many gas fields, especially the content of CO 2 is under standard of commodity natural gas in China (< 2%). But the proportion of CO 2 /H 2 S is high (more than 10, even more than 100). In view of this kind of situation, it's necessary to fully strengthen the solvent selected absorption function in order to reduce energy consumption and Improve the quality of sour gas into the sulfur recovery unit on condition of ensure purification degree of H 2 S.
Since the mid-80s of 20th century, lots of research on selective desulfurizing solvent has been developed [2] . In this paper, sterically hindered amine which is a kind of selectivity desulfurizing solvent is researched. Recently, Exxon Research and Engineering Company have developed a kind of sterically hindered amine-based H 2 S-selective gas treating processes. The processes have been commercially applied. They claimed that the new hindered amine-based processes would be potentially attractive replacements for the existing selective H 2 S removal processes including MDEA based and direct conversion processes [3] .
Sterically hindered amine belong to the compounds that one or two replace groups attached to the nitrogen atoms in their molecules, which can produce sterically hindrance effect of the new type of organic amine [4] . The effect makes amino-group more chemical activation [5] . For example, 2-amino-2-methyl-1-propanol(AMP), menthane diamine(MDA) and 2-piperidinealcohol(PE).
Since the sterically hindered amine was reported, many of the researches have been studied by domestic and foreign scholars. Presented a process development work using hindered amine as the promoter of hot carbonate solutions for simultaneous absorption of H 2 S and CO 2 Say et al. [6] . Numerically interpreted the simultaneous mass transfer of CO 2 and H 2 S into aqueous blends of MDEA and DEA Rascol et al. [7] . The work of Mandal presented an experimental and theoretical investigation of the simultaneous absorption of CO 2 and H 2 S into aqueous blends of AMP and DEA [8] . Simulated selective H 2 S absorption in aqueous amine solutions using a rate-based mode Nadhir et al. [9] and Markus et al. [10] . However, in the current literature, studies on a sterically hindered amine, especially a severe hindered amine (e.g., AMP) for high selective removal of H 2 S from gas streams containing CO 2 and H 2 S are rarely reported.
This work synthesized a kind of new sterically hindered amine with two tertiarybutyl alkyls respectively attaches to two N atoms which called DTBP. H 2 S-selective absorption into the aqueous solution of MDEA, AMP and DTBP were investigated. The experiments dealt with the system of simultaneous absorption of tri-component gases (CO 2 , H 2 S, N 2 ) into the aqueous solution of absorbents (MDEA, AMP, DTBP) in a absorber at atmospheric pressure in this work. The effects of temperature, amine concentration were studied. Furthermore, experimental data from the solution of BTAP was compared with that from the aqueous solution of MDEA and AMP. Sterically hindered amine selectivity of H 2 S(S) was determinated. The emphasis of this work focused on the selective removal of H 2 S from gas mixtures containing both CO 2 and H 2 S using the DTBP aqueous solution.
Theory

Characteristics of molecular structure of sterically hindered amines
Amines are commonly subdivided into primary, secondary and tertiary amines according to the number of alkyl groups attached to N atom in the molecule of amines. MDEA belongs to tertiary amines, AMP belongs to primary amine and DTBP belong to secondary amines, and their molecule structures are shown in Figure 1 . Selective Absorption of H2S from Gas Mixtures Contains CO2 into New Sterically Hindered Amine DTBP for Natural Gas Purification A nonlinear alkyl group, tertiary butyl alkyl group, attaches to N atom in AMP molecule, and two tertiary butyl alkyls respectively attaches to two N atoms in DTBP molecule. R stands for H atom or methyl molecule and n is greater than or equal to 1. It occupies bulky volume in space, and hinders activity of amino-group. The hindrance of nonlinear alkyl group gives amino-group of AMP and DTBP rise to higher chemical activation than that of non-hindered amines. The chemical activation is the so-called sterically hindered effect.
Reaction mechanism
The reaction mechanism for systems involving H 2 S, MDEA, AMP, DTBP is as follows:
The reaction rate constants k values of Eq. (5), (6) and (7) are more than 10 9 L/(mol·s) (25°C) [11] . These reactions are completed instantaneously. according to the theory of double film of gas-liquid mass transfer, everywhere in the liquid phase as well as the interfacial liquid film, H 2 S-amine equilibriums exist always [12] .
But the reaction of alcohol amine and carbon dioxide have a very different situation. Carbon dioxide reaction with AMP and DTBP is as follows：
The overall reaction is CO + R R NH + H O = R R NH + HCO (12) For the sterically hindered amine (such as AMP and DTBP), its carbamate is very unstable and the reaction mechanism indicates that the ultimate product of the reaction is bicarbonate.
For the MDEA, because it is a kind of tertiary amine, CO 2 cannot directly react with MDEA to form carbamate, but with H 2 O to form bicarbonate. Representative reactions are following:
The overall reaction is
CO + H O + R R R N = R R R NH + HCO
Comparing Eq. (12) with Eq. (15), it shows that the ultimate products of MDEA, AMP and DTBP reaction with CO 2 are all bicarbonate. The reaction rate constants k values of Eq. (12) and (15) are less than 7 L/(mol·s) (25°C) [13] . The liquid-film is dominant resistance of CO 2 mass transfer [14] .
This shows that the reaction of H 2 S and CO 2 are different in kinetics. This is the theoretical foundation of severe hindered amine (such as AMP and DTBP) can using as the absorbent to attain higher H 2 S selectivity.
Evaluation of absorption performance
L is sour gas load. The value of and are calculated by following equation:
S is selectivity factor of sterically hindered amine. Selectivity of amine solvents for H 2 S may be defined as the tendency for the ratio of H 2 S to CO 2 contents to be larger in the liquid phase than it is in the gas phase. Selectivity factor is used as a yardstick for the H 2 S selectivity [15] . The value of selectivity factor equates the ratio of H 2 S/CO 2 in liquid-phase to H 2 S/CO 2 in gas-phase and is expressed as:
Where x is mole fraction of component i in the liquid bulk. y is mole fraction of component i in the gas bulk.
Experimental
Synthesis experiments of DTBP Reaction equation is given as: (19)
Tert-butylamine reacted with chlorinated alcohol in ratio of 4:1, absolute ethyl alcohol 50% from the total content of reactants was added as an azeotropic solvent. The mixture was heated at 120°C with continuous stirring for 4 hours. Poured out after cooling, add a certain amount of NaOH, reflux reaction under 70 °C for 50 min. Keep the filtrate after the suction filter, then vacuum distillation and cooling crystallization.
The chemical structure was confirmed by the infrared absorption spectroscopy (FTIR) and nuclear magnetic resonance (NMR) test. The results are shown in figure 2 and figure 3. (16) 
The experiment of H 2 S selective evaluation of MDEA, AMP and DTBP
MDEA(clear colorless liquid with a purity of ≥ 99 mass %) and AMP (clear colorless liquid with a purity of ≥ 99 mass %) were supplied by Shanghai Aladdin biochemical Polytron Technologies Inc. DTBP (clear colorless liquid with a purity of ≥ 99 mass %) is for this work synthesis. The gas cylinder was supplied by Chemical Gas Company with the mole fraction purity of 10% CO 2 , 1%H 2 S and 89% N 2 . Distilled H 2 O was produced using Europe ultra water equipment.
As shown in figure 4 , the absorption/desorption apparatus was used to determine the selective absorption of H 2 S from gas mixtures into solution of MDEA, AMP and DTBP for the systems studied.
Results and discussions
This paper investigated the acid gas which has high carbon sulfur ratio ( ： = 10: 1 From table 1to table 3 it can be seen that MDEA, DTBP, AMP of H 2 S and CO 2 absorption load is reduced as the temperature increases, and the total acid gas load is reduced; with the increase of concentration of amine liquid, acid gas load is also decreased.
Analysis the load of H 2 S, CO 2 and total acid gas load of MDEA, AMP and DTBP under different concentration at 40°C. The results are shown in Figure 5 . Table. 3 The results of different concentrations of DTBP solution absorption acid gas at different temperature Figure 5 . The , and L of different concentrations of MDEA, AMP and DTBP at 40°C. figure 6 and figure 7 . figure 6 and figure 7 , the concentration and temperature had a much smaller effect on S . S of AMP and DTBP are greater than MDEA, S of DTBP is the biggest of the three amine.
Conclusions
In this work, a new type of sterically hindered amine DTBP was synthesized, and H 2 S selective absorption from mixture gas into the aqueous solution of MDEA, AMP and DTBP have been studied. The absorption performance of DTBP solution was compared with MDEA and AMP solutions. The effect factors of temperature and the amine concentration on the performance were investigated. The experimental results testified the advantages of sterically hindered amines (eg., AMP and DTBP) over traditional amines in selective H 2 S absorption.
MDEA, DTBP, AMP of H 2 S and CO 2 absorption load is reduced as the temperature increases, and the total acid gas load is reduced; But with the increase of concentration of amine liquid, acid gas load is increased. Low absorption temperature and high concentration of amine are in favor of selection H 2 S absorption. But selective (S) was little affected by temperature and concentration. The 
